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This invention relates to liUidrhe ostts' nd 
hs for its  principal object the.Rrovison 
; further. @.çt. of th inventionis to povide 
ïiuidheostt in which the-eletrod re 
Stf0prY ad tbe. level of the electrotte is 
wrible. 
other objecç of the invention, is the provision 
of-  iuid.rheostt hVin  smooth stepless.wri- 
ti0p ofresiçfhçe over the entire rane of resist- 
A. further object o.the invention is fo provide 
liquid rhêostaf:hçin no wern prts. 
A furthër.0bject of: öur vention is the pro- 
visi0a Ofimproved coolin mens for 
rheostt, to enble pprtus of  iven cpity 
.e -mde-smller nd simultneously to mini- 
mire boilin/f.umin, nd the like, of the elec- 
trolyte. 
 sGll-.further .objec t of the invention is the 0 
p.rovisio.n in .]iauid rheost hing  floble 
elëctrolYte tnk,  0 f mens for preventin -con- 
tmintion of th electrolte, in the event, fhe 
level of-the liquid-, in Whih -the tnk iS. flotin 
rises. bnmmlly hih. nd  exc eeds the-heih.of 
the- top of/the tnk. 
Other objects wfll be pprent-. s the .desçrip- 
tion-o the in, en.tion prooeeds. 
In-crryin out oUt invention in, one form, 
we-provide tnE for.cont!nn t-he electçplYte 
which i.floated in  liard  hing 
level. A xd spport fs ..provided  bov the 
liquid' nd. rom this support 'ï re. suspendedth 
electrodes in, the eiect-rofyte. As fhe lve-of: the 
liqui, res; incesed- potions of he 
re submeged Pd  the resistnce of h# li.quid 
rheostt.decçese. As. the liuid, level fÇlls; th 
opPosite 0ccurs nd'- th e. rhestt resioce 
Increased; 
For  clerer nd more complexe understuding 
of the inwention  reïernce Should -be hd t0 the 
QompDying dwing. in wh!ch. g. 1.. i n 
elevtion view, prtil in section 0f.Ç 
embodent of  the inventou; whi 
sectionl view longthe -lin 2 of 
 -IU  the drwing ou inyeiou 
embodid " i-  preferred f0rm s  sip regu!t0r 
for three Rhse W0UUd. zoqr !nçn 
The liquid rheost, sliR rgor 
generlly by the nuÇrl .. Th 
comprises a flobl tn  flotg in.  liqud 
 2 hing  vriblelevel Th tnk    c0utis 
U e!ctçiyte solution [3 in whiç . su.spedd 
he electrods dRend -rom flxd suRpor 
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means including a---fixed:member l'I, which may 
b  pòrtton of  a, tank containing the liquid ,-2. 
P0rïoï ! ! i:as" b rovid .ih- 
 .ê rçg.at. Depenging fom portipn ,-are 
" a._ p]uAlF:af fixe vei6al: od:memers 
whiç: aeç thrçaded:on: théoe 10¢r: ed.. Each 
r0d  I--is, rovidd on the..treaded ' rt0 wi.th 
a nut  and a lock nut«t for adjuÇal.YSUPportr 
10 ing  the remainder-of-the fixed portion of the 
1.iqhidrheostat, Each rod.   is also proied wih 
 .horizotally pr0jecting support member 
Whioh r.ests on nut. ; anda tubuar uide mem- 
béç '3-.Rositioned, round- the rod and atached 
t0 member  2 in. a stàble manner. The unc- 
tion of  uide -i. plained .in.-detal- herein- 
The fixed, porti0n  of  the tiqd. rheosat 
inciues., a ,metalbell" meber  g:.to which a plu- 
raity of proections  $, are attached- in. a suit- 
abl manner; such.as by-:weldng. The .members 
2,$ test on the pr0ections  and are .secuzed 
therto in a/S!blem armer, such as-by nuts 
and lts.2 thus supp0rting belt.member . 
' ùpper hoçizoptal sce .of bell. membe r 
, iS Roçded. with n oReng 38 which is closed 
by. menS of  fltmember 2] of iUSult[ng m- 
ter.il. Inulting. memer 2], in tuyau, is pro- 
vidçd. ith three pertur  through which extend 
three rçds )8  The thrÇe electrodes i, i 5 nd 
I re sUSRended resDectelY from these three 
rods, being ttched-to them in  Suitble mn- 
ner, such s by. weldig. Above iultiug ruera- 
ber2], ech. rod 28 is poided wth  terminl 
portion  which serve@ the dul purpose of 
suppor[ing the rod nd electrode ttched there- 
t nd of proidiug mens for electricl con- 
Uëctious to the electrode. If desired,  protective 
cover 3 mY be provided over the terminIs 
On. ç.ppsit sides of: the bell member 4 there 
çe provide twç gUiAç rois 3 i Whi_ch re secured 
t0 he be)l member 24 i  su!tb)e.mnner, such 
as by .wIding. The tuk. li is provided with 
 pir 0[ b0se32 which re secured fo the 
ouid çf te tn..in[oPertve relation with 
gue rçd  31_. Ech o- the.sses $-hs  slot 
tough, which thguide r0d psses nd, as the 
tnk il moves p nd  down responsively to 
changes in the level of liùidi , the guide rods 
3 i mintin tnk i i- in lignment with bell 
ber 24. At their lower extremities, guide rods 
3I re ppvidd Wih hrded portions 
plUçïy of - nuts 33/nd  wshes 34 o these 
threded poti0ns whichecure cross. member 
35: çber  35. p.ovides  lower top for tuk 
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! ! so that tank ! ! cannot be lo.wered fo such an 
extent that electrolyte 13 is entirely out of con- 
tact with electrodes 4, I and 16. This is a 
safety feature fo provide protection in the event 
that the level of liquid 12 should become low 5 
enough otherwise fo cause the electrodes com- 
pletely fo lose contact with the eiectrolyte. 
In addition fo the functions already described 

through terminals 23 to the three phases of the 
secondary winding of a three-phase wound rotor 
motor. This motor may, if desired, drive a pump 
which controls the level of liquid I-. 
In such a case, if the level of liquid 12 starts 
to fise, tank  I rises, thus causing increased por- 
tions of electrodes 14, I and I G tobe immersed 
in electrolyte 3. This decreases the resistance 

for bell member 24, if also Provides means for between each pair of electrodes, thus decreasing 
preventing contamination of electrolyte 13 by 10 the secondary resistance of the wound rotor 
liquid 12 in the event that the level of liquid 2 duction motor and causing the motor fo increase 

shouid fise abnormally high, and above the up- 
per margin 3 of tank 1 I. Bell member 24, which 
is otherwise completely sealed above ifs lower 
margin 39, is provided with a vent 37 to permit 
the escape of air from the cavity formed by ruera- 
ber 24, tank 11 and liquid 12 as the tank rises in 
response fo an increase in the level of liquid 12. 
When the level of liquid 2 rises high enough fo 
cover vent 37, this cavity, formed by the bell 20 
member, the electrolyte tank and liquid 12, is 
sealed and liquid 12 is prevented from entering 
the tank and contaminating electrolyte 
If the level of liquid  2 rises sumciently, the up- 
per margin 3G of tank 1 cornes in contact with 25 
the under surface of the upper horizontal por- 
tion of bell 24. Then, if the level of liquid I 
rises still more, the buoyancy of tank I I causes 
the entire bell and electrode assembly fo fise 
along with the tank. In such a case, members 3O 
2 leave their supporting nuts 2@, and the bell 
and electrode assembly and the tank are guided 
upward by guide members 2. If the level of 
liquid 2 continues to fise, this upward motion 
continues until members 3 contact the enlarged 35 
Portions 4@ on rods I@. If the level of liquid 12 
then rises still further, the effect described in the 
precedfl]g paragraph cornes into play, and the 
air trapped in the cavity formed by bell  and 
tank 11 and sealed by liquid 12 stfll prevents con- 
tamination of the electrolyte 1 . 
If desired, the bell and electrolyte assembly 
may be supported at an intermediate position 
between the lower and upper extreme positions 
jut dscribed, in which case guide members 
are at an intermediate position between nuts 2} ,5 
and projections 4}. The bell and electrode as- 
sembly may be so supported by means of a sup- 
porting cable (not shown) through opening 15, 
or in any other suitab!e manner, and such sup- 
porting means may be ruade remotely adjustab!e, 
if desired. By arranging the apparatus in this 
]îanner, the limits of operation of tank I I may 
be choEnged accordingly, and this, in turn, may 
be sed fo maintain liquid 12 at various selected 
ieve!s. ïhe manner in which the present ap- 
paratus may be used as a liquid level regulator 
i described hereinafter. 
If will be understood that the liquid rheostat 
il!utrated in Figs. 1 and 2 is a three-phase rheo- 
stat, with the reistance for one Phase being pro- 
vided between electrodes 14 and I, for another 
phae between electrodes I and I, and for the 

in speed. This increases the output of the pump 
controlling the level of liquid 12 and thus tends 
to decrease the level of liquid 12 until equflibrium 
is established. Thus, if will be readily under- 
stood that an automatic regulator is provided for 
the level of liquid 12. 
Such liquid level regulators are widely used in 
many types of installations, SUCh as sewage and 
water supply tanks, for example, in which if is 
necessary fo maintain a substantially constant 
]iquid level, and if is of great advantage to have 
a simple and reliable regulating system suitable 
for this purpose, such as out invention makes 
possible. 
If can be seen that out invention provides a 
liquid rheostt having no wearing parts and re- 
quiring no heat exchangers, motors for raising 
and lowering electrodes, and other things which 
are necessary in conventional types of liquid 
rheostats. In addition, the presence of a liquid 
aïound the tank of e!ectrolyte conducts heat 
away from the electrolyte rapidiy and thus mini- 
mizes boiling, fuming, and the like, of the e!ectro- 
lyte. 
While we have illustïated and described a pre- 
ferred embodiment of out invention, many modi- 
fications thereof may be marie by those skilled 
in the art. Therefore, it should be understood 
that We intend fo cover by the appended claires 
any such modifications which fall within the true 
spirit and scope of out invention. 
What we claire as new and desire fo secure by 
Letters Patent of the United States is: 
1. A liquid rheostat comprising a tank floatable 
in a liquid and arranged to fise and fall with the 
level of said liquid, an electrically conductive 
liquid in said tank forming an electrolyte and a 
plurality of e!ectrodes fixed with respect fo said 
50 ïiquid and suspended in said electrolyte. 
2. A liquid rheostat comprising a tank fioatable 
in aliquid and arranged fo fise and fall with the 
level of said liquid, an electrically conductive 
liquid in said tank, a support above said liquid 
55 and fixed with respect thereto, a plurality of 
electrodes, and means suspending said electrodes 
from said support in said electrically conductive 
liquid in variable partially immirsed relation 
therewith. 
60 3. A three phase liquid rhe0stat comprising a 
tank fioatable in a liquid and arranged to fise and 
fall with the level of said liquid, an electrically 
conductive liquid in said tank forming an electro- 

third phase between electrodes I and 14, each of lyre, and three fixed electrodes suspended in said 
the electrodes being equidisiant from the other 65 electrolyte, each electrode being substantially 
two electrodes. The amount of resistance in each equidistant from the other two, the resistance be- 

phase depends upon the extent to which the e!ec- 
tïodes are submerged in the electrolyte, the 
greaer the extent of submersion the smaller he 
resistance, and vice versa. 
A preferred use for out invention is.in a slip 
regulator for a wound rotor induction motor, and 
a liquid rheostat suitable for this purpose is il- 

7O 

tween each pairof electrodes through said elec- 
trolYte decreasing as the level of said liquid rises 
and increasing as said level falls. 
4. A liquid rheostat comprising a tank fioatable 
in a liquid and arranged fo fise and fall with the 
level of said liquid, an e!ectrically conductive 
!iquid in said tank forming an electrolyte, fixed 

lustrated in the drawing. The three electrodes support means above said liquid, a plurality of 
|4, I and 18 may, for example, be connected ï5 verticallydisposed electrodes suspendedfromsaid 
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support means and partially immersed in said 
electrolyte, and a bell member depending from 
said support means and arranged to receive the 
upper portion of said tank, said upper portion ris- 
ing up within said bell member when said liquid 5 
exceeds a predetermined level and forming a 
cavity sealed by said liquid, the air trapped in 
said cavity preventing said liquid from entering 
said tank and contaminating said electrolyte. 
5. A liquid rheostat comprising a tank floatable 10 
in a liquid and arranged to fise and fall with the 
level of said liquid, an electrically conductive 
liquid in said tank forming an electïolyte, fixed 
support means above said tank, a bell member 
depending from said support means and arranged 15 
to receive the upper portion of said tank when the 
level of said liquid rises above a predetermined 
level, said bell member having an opening in the 
upper portion thereof, an insulating member clos- 
ing said opening, said insulating member having 00 
a plurality of apertures, and a plurality of elec- 
trodes suspended in said electrolyte through said 
apertures. 
6. A liquid rheostat comprising an open tank 
floatable in a liquid and arranged to rise and fall 05 
with the level of said liquid, said tank having a 
.plurality of bosses on the side surfaces thereof, 
an electrically conductive liquid in said tank 
forming an electrolyte, support means above said 
tank flxed with respect to said liquid, a bell mem- 30 
ber depending from said support means and ar- 
ranged to receive the upper portion of said tank, 
said upper portion rising up within said bell 
member as said liquid rises above a predetermined 
level, said bell member having an opening in the 35 
upper portion thereof, an insulating member clos- 
ing said opening, said insulating member having 
a plurality of apertures, a plurality of electrically 
conductive rod members extending through said 
apertures, a plurality of vertically disposed elec- 40 
trodes suspended from the lower portions of said 
rods in spaced-apart relation in said electrolyte, 
a plurality of terminals on the upper portions of 
said rods above said insulating member for elec- 
trical connections to said electrodes, and a plu- 45 
rality of guide rods secured to the side surfaces 
of said bell member, said guide rods cooperating 
with the bosses on said tank to maintain said tank 
in alignment as it rises and falls with the level 
of said liquid. 50 
7. A liquid rheostat comprising an open tank 
floatable in a liquid and arranged to rise and 
rail with the level of said liquid, an electrically 
conductive liquid in said tank forming an elec- 
trolyte, a flxed support above said liquid, yield- 55 
able height adjusting means connected to said 
flxed support, a bell member depending from 
said yieldable means and arranged to receive the 
upper portion of said tank, said bell member and 
said tank forming an air-tight cavity sealed by 60 
said liquid when the liquid rises to a predeter- 
mined level, and a plurality of electrodes in- 
sulated from said bell member and suspended 
therefrom in spaced-apart relation in said elec- 
trolyte, the upper portion of said tank rising up 65 
within said bell member as the level of said 
liquid rises until the upper margin of the tank 
contacts the inside upper surface of said bell 

member, said bell member being carried upward 
by said tank when said liquid level continues 
to rise and reaches a selected point above the 
point at which the upper margin of the tank 
contacts the bell member, the air trapped in said 
cavity preventing said liquid from entering the 
tank and contaminating the electrolyte if the 
level of the liquid exceeds the height of the upper 
margin of said tank. 
8. A liquid rheostat comprising an open tank 
floatable in a liquid and arranged to fise and fall 
with the level of said liquid, said tank having 
a plurality of bosses on the side surfaces thereof, 
an electrically conductive liquid in said tank 
forming an electrolyte, a flxed support above said 
liquid, yieldable height adjusting means con- 
nected to said flxed support, a bell member de- 
pending from said yieldable means and arranged 
to receive the upper portion of said tank, said 
bell member and said tank forming an air-tight 
cavity sealed by said liquid when the liquid rises 
to a predetermined level, the upper portion of 
said tank rising up within said bell member as 
the level of said liquid rises untfl the upper mar- 
gin of the tank contacts said bell member, said 
bell member being carried upward by said tank 
when said liquid level continues to fise and 
reaches a selected point above the point at which 
the tank contacts the bell member, the air 
trapped in said cavity preventing said liquid from 
entering the tank and contaminating the elec- 
trolyte if the level of the liquid exceeds the height 
of the upper margin of said tank, a plurality of 
electrodes insulated from said bell member and 
suspended therefrom in spaced-apart relation in 
said electrolyte, a plurality of guide rods secured 
to the side surfaces of said bell member, said 
guide rods cooperating with the bosses on said 
tank to maintain said tank in alignment as it 
rises and falls with the level of said liquid, and 
stop means connected to the lower extremities of 
said guide rods for preventing the tank from 
dropping sufiïciently low in response to the low- 
ering of said liquid level that the electrolyte loses 
contact with said electrodes. 
9. A rheostat comprising a tank floatable in a 
liquid and arranged to fise and fall with the level 
of said liquid, said tank being adapted to contain 
an electrolyte solution, and at least one electrode 
normally stationary with respect to said liquid 
and suspended in said tank. 
HENRY V. CRAWFORD. 
LELAND J. PARKINSON. 
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